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Heavy Metals and Metalloids (HMM)
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Health Impacts of Lead Exposure
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General:
•  Sluggishness
•  Fatigue
•  Malaise

Lead Poisoning Symptoms in Newborns
from Prenatal Exposure:
•  Premature birth
•  Lower birth weight
•  Slowed growth

Stomach:
•  Loss of appetite
•  Weight loss
•  Anaemia
•  Abdominal pain
•  Nausea and vomiting
•  Diarrhoea or constipation
•  Colic

Neuro/Muscular:
•  Seizures
•  Convulsions
•  Loss of coordination
•  Weakness
•  Coma

Central Nervous System:
•  Headaches
•  Developmental delay
•  Learning difficulties
•  Behaviour and learning problems, or slowed growth
•  Aggression
•  Irritability
•  Clumsiness
•  Agitation
•  Drowsiness
•  Inattentiveness
•  Hyperactivity
•  Disorganization

Ear:
•  Hearing problems
•  Balance

Skin:
•  Unusual paleness  

Mouth:
•  Slurred speech
•  Blue line along the gum
•  Pica activity

Signs and Symptoms of Lead Poisoning

A challenge with childhood lead poisoning is that it is typically insidious. At 
low to moderate levels of exposure and blood lead levels, there are typically 
no symptoms at all and no physical signs that are apparent to a clinician. At 
moderate to high levels of exposure, children may complain of a variety of 

non-specific symptoms, such as headaches, abdominal pain, dullness, loss 
of memory, poor attention, loss of appetite or constipation.71  The impacts 
of lead poisoning on neurological processes and the central nervous system 
may result in indications of clumsiness, agitation or decreased activity and 
drowsiness, which can proceed to vomiting, stupor and convulsions in more 
severe cases.72 

Figure 5   Lead Poisoning Symptoms in Children

UNICEF report, 2020
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How lead affects IQ scores
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When calcium (Ca2+) enters a neuron, the neuron releases neurotransmitters (green diamonds) to send a signal to the next neuron. Lead (Pb2+) can 
interfere with this process in two ways. When lead blocks calcium entry into the neuron, the neuron releases less neurotransmitter and sends a weaker 
signal to the next neuron. Lead can also cause aberrant neurotransmitter release when calcium is not present.

Source: Mary Gearing and Krissy Lyon, SITNBoston, Harvard University Graduate School of Arts and Sciences. See: http://sitn.hms.harvard.edu/flash/2016/deadly-biology-lead-exposure/)
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Figure 3   Lead Alters Neurotransmitter Release

UNICEF report, 2020
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Distribution of IQ scores due to lead exposure in US
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Source: The WHO and the Lead Paint Alliance54, originally Weiss B. Neurobehavioral toxicity as a 
basis for risk assessment. Trends Pharmacol Sci. 1988;9(2):59-62.doi:10.1016/0165-6147(88)90118-6.

Figure 2   Losses Associated with a 5-Point Drop in IQ per 100 
                 Million People

© Pure Earth

UNICEF report, 2020
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Blood lead levels
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Children & Adults

<5 µg/dL

Decreased IQ, cognitive performance and academic achievement; 
increased incidence of problem behaviours and diagnosis of attention 
deficit/hyperactivity disorder; reduced fetal growth (based on maternal 
blood concentration); impaired renal function; reduced synthesis of 
aminolevulinic acid dehydratase (ALAD), contributing to anaemia

<10µg/dL Delayed puberty; developmental toxicity

<20 µg/dL
Increased level of erythrocyte protoporphyrin; decreased vitamin D 
metabolism; decreased calcium homeostasis

>20 µg/dL Anaemia

>30 µg/dL
Reduced nerve conduction velocity; increased vitamin D metabolism; 
increased risk of hypertension in adulthood

>40 µg/dL Decreased haemoglobin synthesis

> 50 µg/dL Severe neurological feature

> 60 µg/dL Abdominal coli; features of acute poisoning but no encephalopathy

> 90 µg/dL Encephalopathy

> 105 µg/dL Severe neurological features

150 µg/dL Death 

Adults

<5 µg/dL
Impaired renal function; reduced synthesis of delta-aminolevulinic  acid 
dehydratase, contributing to anaemia

<10 µg/dL
Hypertension, increased cardiovascular-related mortality, spontaneous 
abortion, preterm birth

> 40 µg/dL Peripheral neuropathy, neurobehavioural effects, abdominal colic

> 50 µg/dL Decreased haemoglobin synthesis

Figure 4   Effects of Blood Lead Levels on Children and Adults

Blood Lead 
Levels in 
μg/dL 
(micrograms 
per deciliter)

Effects

Source: The World Health Organization65  

No safe blood lead level in children has been identified. 
Even low levels of lead in blood have been shown 
to affect IQ, ability to pay attention and academic 
achievement...Effects of lead exposure cannot be 
corrected".66  The absence of an identified BLL without 
deleterious effects, combined with the evidence that 
these effects appear to be irreversible, underscores the 
critical importance of primary prevention.67    

-- The US Centers for Disease Control and Prevention.

The Molecular Process that 
Causes Lead Toxicity

At a molecular level, lead alters very basic nervous system functions 
– such as calcium signalling. It does so by inhibiting, mimicking 
or displacing the actions of calcium.68 It can then bind biological 
molecules, including sulphydryl and amide groups of enzymes, 
and alter their configuration as well as diminish and interfere with 
their functions, including the releasability of organelle stores.69 
In some cases, it prevents calcium-dependent release of several 
neurotransmitters, and in others it can augment calcium-dependent 
events, such as protein kinase C and calmodulin.70 Each of these 
channels and processes inhibit major functions associated with 
neurological development and the healthy growth of a child.

UNICEF report, 2020
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The source of lead exposure?
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Figure 7   Where Lead Can be Found

1. Some traditional cosmetics
2. Lead-based paints and pigments
3. Some toys and jewellery
4. Certain herbal, traditional and ayurvedic medicines
5. Dust and chips from peeling, cracking lead-based paint 
6. Certain spices and candies
7. Some solders in food cans
8. Lead-based ceramic glazes on dishes and cooking pots
9. Some metallic cookware 
10. Leaded gasoline
11. Lead water pipes and fixtures
12. Contaminated industrial sites
13. Unsound ULAB recycling sites
14. Emissions from waste incinerators
15. Contaminated soil where children play and food is grown
16. Family members with occupational exposure who bring lead dust home on clothes and shoes

Note: The above infographic is an illustrative example only of likely sources of lead exposure. It is not meant to be fully comprehensive of all possible exposure pathways.UNICEF report, 2020 10



Soil Lead Levels and Blood Lead Levels

Median topsoil Pb in communities in New Orleans decreased 44%
while children’s Blood Pb levels declined 64% over 15 years

decrease. Over 15 y, the decrease of SPb took place at a median
rate, on average, of 2.4 mg·kg·y−1. The MRPP P value for the
median SPb reduction between groups in the 2 surveys (n = 274)
is 2.09 × 10−08.
The 2000 to 2005 children’s BPb survey result for the entire city

was a median of 3.6 μg/dL, whereas the 2011 to 2016 children’s
median BPb decreased 64%, to 1.3 μg/dL. The MRPP P value is
2.02 × 10−85 for the median group decrease in children’s BPb over
∼12 y for the data of the 2 surveys (n = 274). The median decline
of children’s BPb was 0.2 μg·dL·y−1.
Fig. 1 plots the corresponding SPb and BPb for the 2 surveys.

The interval for the SPb surveys is a median of 15 y (range: 13 to
19 y) and a median of 12 y (range: 9 to 15 y) for the 2 BPb surveys.
The 2001 SPb survey was sampled from 1998 to 2001 and was
matched with BPb data obtained from 2000 to 2005. The 2017 SPb
survey was sampled from 2013 to 2017 and matched with BPb data
obtained from 2011 to 2016.

Fisher’s Exact Test of Independence. In Table 1, the matched data
for SPb and BPb are arranged in 2-by-2 contingency tables to
calculate the probabilities between SPb and BPb for the 2 surveys
(35). The null hypothesis is that SPb has no influence on BPb. In
the 2001 survey, the median SPb is 99 mg/kg and the median BPb
is 3.6 μg/dL In the 2017 survey, the median SPb is 54 mg/kg
and the median BPb is 1.3 μg/dL. Fisher’s exact test P values are
2.1 × 10−17 and 7.3 × 10−11 for 2001 and 2017, respectively.
These results indicate that we can reject the null hypothesis that
the decline in SPb has no influence on the decline in BPb.

Discussion
For the 2001 survey in New Orleans, strong spatial associations
were identified between SPb and children’s BPb (36). Thus,
communities where SPb results were highest also had the highest
BPb results, and, vice versa, the lowest SPb communities had the
lowest children’s BPb results. The associations between SPb and
children’s BPb are linked to community location because this
variable corresponds to traffic volumes within individual commu-
nities, and hence differences in community Pb aerosol exposure
(25, 36, 37). Our contribution is a temporal dimension from 2
surveys conducted at an interval of 12 to 15 y. The temporal di-
mension assists with identifying urban ecosystem processes that
contribute to the continuous national decline of children’s BPb.

The Metabolism of Cities Framework and Pb Contamination at
Individual Properties. The results of 2 surveys, summarized
graphically in Fig. 1, show that both SPb and children’s BPb have
undergone substantial reductions during the given time inter-
val. While these 2 phenomena may potentially be independent,
the results (P < 10−11) presented in Table 1 indicate that they are
not. In order to understand the intricacies of environmental dynamics
and human health that pertain to decreasing SPb and declining
children’s BPb, we employ a “metabolism of cities” framework (38).
At the spatial scale of cities, there are attributes similar to those
found in cell metabolism. The metabolism of cities includes in-
puts, transformations, storages, and outputs that result in variable
dynamics of environmental signals affecting children’s Pb expo-
sure (39). The result of such processes within a city are shown in
the SI Appendix, Fig. S2 by the kriged SPb maps for the 2 surveys.
Individual urban properties exist within the context of the spatial

distribution of SPb. In a previous study, New Orleans was divided
into high-Pb (median census tract soil ≥ 100 mg/kg) and low-Pb
(median census tract soil < 100 mg/kg) areas (40). Within the high-
SPb communities toward the interior of the city, the sample me-
dians for busy streets, residential streets, house side foundations,
and open-space locations were 367, 313, 1,228, and 103 mg/kg,
respectively. For the same series of busy streets, residential streets,
house sides, and open-space locations in low-SPb areas in outlying
communities of the city, the sample medians were 64, 46, 32, and
28 mg/kg, respectively. For children, the outlying communities
were safer by factors ranging from 3 to 38 contingent on the
specific location of the soil samples (40).
Depending on the community location of individual properties,

environmental signals mirror urban patterns of Pb aerosol inputs,
Pb dust deposition on topsoil, seasonal Pb dust resuspension, and
aerosol transport (41, 42). The outdoor environmental signaling
also contributes to indoor environmental Pb contamination via
aerosol transfers and footwear track-in to home interiors (43, 44).
Children are exposed to environmental Pb signals from aerosols
(inhalation) or settled dusts (hand-to-mouth behavior), and
children’s behavioral responses are compounded by multiple
sources of contact and feedback mechanisms at play.

Air Pb Inputs, Decreases, and Legacy Pb. Atmospheric Pb drives the
metabolism of the city and, in this context, is the major input
source, which is largely derived from Pb additives in gasoline. TEL
is a xenobiotic additive in gasoline that was introduced into com-
merce in the mid-1920s (45) and became almost universally used

Fig. 1. SPb and BPb data for the 2 surveys (n = 274). (Left) Association of SPb and BPb observed in the 2001 survey. (Right) Unflooded and flooded communities
distinguished to observe the effect of flooding by Hurricane Katrina on SPb and BPb. The regressions of flooded and unflooded communities are similar, showing
that the reduction in SPb and BPb is occurring in all communities.

22060 | www.pnas.org/cgi/doi/10.1073/pnas.1906092116 Mielke et al.
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Lead levels in Atlanta soils
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Slag found in the neighborhood
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EPA site investigation
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National Priorities List
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Investigation area
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Investigation area

Source: Georgia Health News 17



High Lead Poisoning Risk Counties in GA
health staff, this ensures that children with the highest need 
are prioritized.  
 
Purpose: Updated Housing Risk Maps 
Although children can be exposed to lead via imported toys 
or foods, primary exposure is associated with living in or 
visiting homes built prior to 1978 (Landrigan et al., 2010; 
Rauh et al., 2008; CDC, 1998). The Consumer Product 
Safety Commission banned residential lead paint in 1978. 
All homes built prior to 1978 have a risk for lead exposure, 
but homes built before 1950 carry a higher risk due to high 
content of lead used in paint before that time (Markowitz & 
Rosner, 2000; Rabin, 1989). A primary prevention goal of 
the DPH is to prevent children from being exposed to lead 
in the home. This requires targeting the location of pre-1978 
housing in Georgia so that public health interventions can be 
implemented. In Georgia, there are approximately 4,094,812 
housing units with an estimated 1,548,796 (38%) built prior 
to 1978 and 578,867 (14%) built prior to 1950 (Census, 
2013). To identify locations of high-risk housing, the DPH 
Environmental Health team reviewed an existing lead 
poisoning prevention map and determined that the map 
needed updating due to its simplicity, limited geographic 
scale, and lack of detail. By use of geographical information 
system (GIS) technology combined with census data on 
housing and blood lead surveillance, new spatial maps were 
created to identify the counties in which children are at a 
high risk for lead poisoning. For all counties, these updated 
maps targeted the type (owner or renter) and location of pre- 
1978/pre- 1950 housing, thus allowing the DPH to target 
prevention activities on a more refined scale.    
 
METHODS 
 
In 2014, the Georgia DPH was awarded a three-year Lead 
Poisoning Prevention Surveillance grant from the CDC. The 
purpose of this grant was to build the state’s capacity for 
lead surveillance to aid in prevention and ultimate 
elimination of childhood lead poisoning. Since housing is 
the primary source of lead exposure, prevention and 
elimination of lead poisoning requires spatial knowledge of 
where children are being exposed to lead. The DPH 
Environmental Health team analyzed existing GIS maps to 
determine if they were useful at targeting lead risk. The 
existing map (Figure 1.0) was developed in 2005 and 
displayed only counties that were considered high risk based 
on surveillance screening data for children with blood lead 
levels ≥10µg/dL.  
 
 

Figure 1.0- Georgia High Risk Counties 

 
 
The map identified counties in which children had elevated 
blood lead levels (≥10µg/dL) at the time. There were, 
however, no spatial elements that stratified the locations of 
older housing and no indication of the percent of older 
housing within those counties. Further, when the map was 
constructed, children exposed to lower levels of lead 
(≥5µg/dL) were not a priority.  
 
Development of New Risk Maps 
To develop a series of new risk maps at different geographic 
scales, DPH staff utilized housing data in the U.S. Census 
Bureau’s 2013 5-year American Community Survey (ACS). 
These data reached to the level of the county and census 
block groups for median and stratified housing age. In 
addition, the ACS contained the number of Georgia housing 
units stratified by age group in 10-year blocks beginning in 
1939 or earlier and including the overall percentage of each 
age group with a standard margin of error for each county. 
This is demonstrated in Table 1.  

J Ga Public Health Assoc (2015) Vol. 5, No. 2

GPHA www.jgpha.com        171 Georgia Public Health Association

Rustin et al., 2015 18



Lead Exposure in Metro Atlanta

Distler and Saikawa, 2021 19



Where should we target in Georgia?

20



Where should we target in Georgia?

Maybe we need to target other areas for prevention purposes.

Distler and Saikawa, 2021 21



Where to target in Metro Atlanta?

Distler and Saikawa, 2021 22



Phytoremediation experiment in the field

Photo: Alicia Wun 23



Phytoremediation/Phytostabilization

Soil Pb reduction after the experiment

Measured by XRF Measured by ICP-MS

Decrease of 21.7 ppm (p=0.0970) Decrease of 20.8 ppm

n=12 n=12 n=3 n=3

107 ppm

85.3 ppm
69.2 ppm

48.4 ppm

Wun et al., in prep
24



Phytoremediation/Phytostabilization

Experiment in the greenhouse
Selected Plant Species

Brassica pekinensis 
(Chinese cabbage) 

Helianthus annuus 
(sunflower) 

Gomphrena globose 
(globe amaranth)

Vigna unguiculata
(cowpea) 

Yao et al., in prep
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Soil Pb reduction after the experiment

The main accumulation site was the root.

Pb concentration: root > stem > leaf > 
flower (except cowpea).

Yao et al., in prep. 26



Recommendations

• Soil Pb contamination is an issue in the Westside and
potentially other areas in Atlanta and beyond.

• Better screening is essential for both soil and blood Pb levels.

• The high-risk areas for Pb exposure needs to be revisited.

• Soil regional screening level for Pb should be more stringent
and more comprehensive measures for health risk assessment
is needed.

• There is an urgent need for a low-cost remediation option for
the community.
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What are we doing now?

COMMUNITY SCIENCE
SOILSHOP 

P A R T I C I P A T E  I N  A  F R E E  S O I L  L E A D
S C R E E N I N G  O P P O R T U N I T Y

October 15  -  November 15

SCAN THE QR CODE TO LEARN HOW TO
COLLECT YOUR SOIL SAMPLE AND WHERE TO

DROP OFF YOUR SAMPLES 

Visit  our  website at  www.atlsoi lsafety.com
for more information or  email  us at

at lsoi lsafety@emory.edu

Check it
out here




PREPARE
YOUR
SOIL
SAMPLE

Watch the instruction video
and take six scoops per site in
a container 

2

Move your soil to a ziploc bag

4

Mix the soil in your container
and remove all rocks, twigs,
and big objects then dry the
soil in the sun 

3

Select up to two sites where
you want to test soil lead in
your residential area

1

Mark your sample on your Ziploc
bag(s) using a sharpie - write
your first name initial, last name,
street name, zipcode, and S1 for
your first sample and S2 for your
second sample

Example: Jane M. Doe living on
Clifton Road in the zipcode 30329
would label their bag like this:

5

Place your ziploc bag(s) into
a bigger bag with a piece of
paper that has your sample
label (same as above) and
email address

6

Fill out the online form on our
website atlsoilsafety.com

7

Drop off your samples at
one of the locations listed
on our website

8

J
Doe

Clifton
30329
S1/S2
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Saikawa Lab Members
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Recommendations

• Soil Pb contamination is an issue in the Westside and
potentially other areas in Atlanta and beyond.

• Better screening is essential for both soil and blood Pb levels.
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